M
ore than 2 million Americans are hospitalized each year as a result of traumatic physical injury.
1,2 Policy discussions have focused on the tension between providing high-quality acute trauma care and the increasing public cost burden of trauma centers. [3] [4] [5] Clinical process and outcome data collected and maintained within trauma registry information systems can inform the development of evidence-based quality-improvement efforts for physically injured trauma survivors. 6, 7 Analysis of information contained within trauma registries has provided an understanding of various factors that influence the utilization of acute inpatient trauma surgical services. More severe injuries, 8 -10 increasing patient age, 11 preexisting medical conditions, 11 varying patient insurance status, 8 and type of trauma surgical delivery system 12 may all contribute to increased inpatient length of stay (LOS) and costs. This increased interest in the costs of care for physically injured trauma survivors comes at a time when the evaluation and treatment of patients with psychiatric disorders is shifting to delivery sectors beyond specialty mental health. 13, 14 There is now evidence that psychiatric disorders occur frequently in trauma surgery patients and that psychiatric disturbances are risk factors for posttraumatic functional limitations and traumatic recidivism. Between 20% and 55% of patients hospitalized on trauma surgery services suffer from current or lifetime substance abuse or dependence. 15, 16 In the days and weeks after traumatic injury, 10% to 40% of traumatically injured patients may go on to develop posttraumatic psychiatric disturbances, such as acute stress disorder, posttraumatic stress disorder (PTSD), major depression, or anxiety disorders. [17] [18] [19] [20] [21] [22] Depression and PTSD seem to be associated with enduring functional impairment and diminished quality of life above and beyond the contribution of comorbid physical injury and medical conditions. 20, 22, 23 Trauma inpatients who actively abuse alcohol have an increased risk of recurrent traumatic injury and surgical inpatient recidivism. 24 Our review revealed few investigations that have comprehensively assessed the LOS and costs of inpatient trauma surgery care for patients with recognized psychiatric disorders. Mackenzie et al. 11 evaluated the association between recognized International Classification of Disease Ninth Version Clinical Modification (ICD-9CM) alcohol and drug dependence and nonsubstance-related psychiatric disorders and inpatient surgical LOS. These authors found that nonsubstance-related disorders were associated with increased inpatient LOS across age groups; however, only elderly patients with alcohol or drug dependence demonstrated significantly increased LOS. Jurkovich et al. 25 reported that patients with evidence of acute alcohol intoxication had shorter inpatient stays, whereas patients with biological evidence of chronic use of alcohol demonstrated longer LOS. The goal of this investigation was to examine the association between psychiatric disorders and LOS and cost in a large cohort of trauma surgery inpatients. Because we relied on trauma registry information systems for our analyses, an important component of the investigation was the development of methods for understanding the identification and classification of patients with registry-recorded ICD-9CM psychiatric diagnoses. Our primary research question was whether patients with recognized psychiatric diagnoses demonstrate significant variations in surgical inpatient LOS and cost. In addition, we wanted to compare the magnitudes of LOS and cost variations attributable to patients with psychiatric disorders with the variations associated with other known influences on LOS and cost such as injury severity, chronic medical conditions, and insurance status.
MATERIALS AND METHODS

Study Site and Population
We conducted a retrospective review of the computerized trauma registry records of all patients admitted to the University of California (UC) Davis trauma surgery service between January 1993 and December 1996. The UC Davis Medical Center is the major level I trauma center in inland Northern California; it provides acute trauma care to patients who reside in Sacramento County and the residents of 22 other inland Northern California counties. All trauma victims admitted to the UC Davis Medical Center are entered into the UC Davis Trauma Surgery Registry. The trauma registry contains detailed information regarding patient characteristics (e.g., age, gender, admission date, and race), injury type, toxicology screens, and ICD-9CM diagnoses for each patient admitted to the hospital's trauma surgery service. The SPSS statistical package release 8.0 (SPSS Inc, Chicago, IL) was used for all data analyses.
Between January 1993 and December 1996, 11,363 patients were admitted to the UC Davis Medical Center trauma surgery service. A total of 170 patients had no data describing ICD-9CM diagnostic codes, which prevented derivation of psychiatric and medical diagnoses, and 85 patients were missing essential demographic information. Therefore, a total of 255 patients were excluded from additional analyses. In addition, to retain independence of observations, only the first hospitalization for patients with repeat admissions was included in the analyses. This exclusion accounted for less than 3% of admissions.
Trauma surgery records for each subject were matched to cost data provided by the UC Davis Medical Center Financial Services. Matching was successful in 93% of cases (N ϭ 10,561); a total of 802 admissions were excluded. Patients excluded were less severely injured (t ϭ 18.2, df ϭ 10,988, p Ͻ 0.01) and more likely to be intentionally injured (t ϭ 2.2, df ϭ 11,039, p Ͻ 0.05) but did not significantly differ with regard to age or gender when compared with subjects included in the analyses.
Inpatient Costs
All cost information presented in this investigation represents direct hospital inpatient costs (i.e., actual dollars spent on providing inpatient care to victims of traumatic physical injury). 26 The UC Davis Health System Financial Services department provided all cost data for patients admitted to the trauma surgery service. Hospital costs were derived using a cost accounting system (Transition Systems, Inc., Boston, MA). Total hospital costs were comprised of variable costs (e.g., clinical salaries and supplies), fixed costs (e.g., administrative expenses related to direct clinical care and equipment depreciation), and other nonclinical operating costs (e.g., medical records and billing operations expenses).
Two potential time-related influences on hospital inpatient costs over a 4-year period are practice variations affecting LOS and inflation. We included in our analyses a variable encoding the year of surgical admission as an adjustment for practice variations. Inflation adjustments were made using the Medical Pricing Index of the Consumer Price Index; 27 all cost data were expressed in 1996 dollars.
ICD-9CM Psychiatric Diagnoses
All ICD-9CM diagnoses were entered into the trauma registry through a two-step process. First, surgical providers and medical and psychiatric consultants recorded their evaluations in the surgical inpatient chart. Next, after discharge, trained abstractors derived diagnoses from the chart notes and entered the corresponding ICD-9CM codes into the registry database. How surgical providers make diagnostic ascertainments in patients with psychiatric disorders remains incompletely understood. A previous study 28 suggested that practitioners often used blood alcohol and urine drug tests to screen and diagnose patients with substance-related disorders. To additionally understand the interrelationship of toxicology screens and trauma registry-recorded diagnoses, we assessed the associations between screen results and the recording of a psychiatric diagnosis in the trauma registry database.
Through discussions with surgical practitioners and liaison psychiatrists, we identified categories of psychiatric disturbances most relevant to providers working on inpatient trauma surgery services. Next, we assigned these diagnostic categories specific ICD-9CM codes and tabulated the frequency of patients with one or more diagnoses within each category. We included the following categories of ICD-9CM psychiatric diagnoses in our analyses: alcohol abuse, alcohol dependence, drug abuse, drug dependence, anxiety disorders, bipolar disorders, childhood disorders, delirium, dementia, depression, disorders attributable to organic brain damage, personality disorders, psychoses, stress disorders (i.e., acute stress disorder, adjustment disorders, and PTSD), and other disorders not classified elsewhere.
Chronic Medical Conditions
Comorbid chronic medical conditions were also derived from ICD-9CM diagnostic codes. Ten conditions, including diabetes, hypertension, chronic liver disease, ischemic heart disease, degenerative nervous conditions, epilepsy, obesity, and coagulation defects, previously shown to influence the course of recovery among trauma surgery inpatients were included. 11 On the basis of discussions with surgical and psychiatric providers, we added HIV infection to this list of medical comorbidities. A total of 12% of patients received an ICD-9CM medical diagnosis. Bivariate comparisons revealed no significant differences in mean inpatient LOS and costs between the 1,010 patients with only one medical condition and the 269 patients with more than one diagnosis. Therefore, for the purposes of all additional analyses, medical diagnoses were dichotomized into none versus one or more.
Injury Severity
Injury severity was abstracted from surgical records using a conversion software program 29 that transforms ICD-9CM codes into Abbreviated Injury Scale (AIS) and Injury Severity Scale scores. 30 We first conducted our analyses using continuous ISS scores; next we substituted categorical Maximum AIS (MAIS) scores for each patient. We observed minimal change in the total explained variance in the models that included MAIS when compared with the models that included ISS. Therefore, for ease of interpretation of cost comparisons for different levels of injury severity, we present categorical (severity 1-6) MAIS scores.
Insurance Status
Insurance status information was provided by the UC Davis Financial Services and was linked to the trauma registry data simultaneously with information relating admission costs. Surgical admissions were assigned one of seven payment sources: health maintenance organization (HMO), private insurance, Medicare, Medicaid, county, no sponsor, and other sponsor. Because few patients (N ϭ 202) were covered by private insurance and bivariate analyses revealed no significant differences in mean inpatient LOS between patients with HMO and private insurance, these patients were grouped into a single HMO and private-pay category for the purposes of the regression analyses. This category became the comparison group, and five dummy variables were entered into the regression model: no sponsor, county, Medicare, Medicaid, and other insurance.
Statistical Analyses
We first identified the frequencies of patients receiving psychiatric diagnoses. Next, we ascertained the LOS and cost distributions of all surgery admissions over the 4-year period. To assess the unique associations between psychiatric diagnoses and inpatient LOS and cost, we constructed two linear regression models: one model with LOS as the dependent variable and one model with cost as the dependent variable. In these models, we simultaneously entered the 15 psychiatric diagnoses as well as the following independent variables: injury type and severity, chronic medical conditions, insurance status, race, age, gender, and admission year. Therefore, all reported associations between psychiatric diagnosis and LOS and cost adjust for the effects of injury and demographic characteristics.
In these models, because both the LOS and cost distributions were highly positively skewed, we transformed the dependent variables using a logarithmic conversion. This conversion imposed the normal distribution on the dependent variables required to satisfy the linearity assumption of ordinary least squares regression. 31 We evaluated the regression models by visual and quantitative examination of residuals and outlying points. 32 Next, we exponentiated the regression coefficients and standard errors to derive estimates of the percentage of changes in LOS and cost uniquely attributable to each predictor. 31 As an example, the exponentiated regression coefficient indicates the percentage of change in the dependent variable (e.g., costs) when comparing persons with a particular psychiatric diagnosis (e.g., alcohol abuse) with persons without the diagnosis.
We were also interested in assessing the extent to which individual psychiatric diagnoses were associated with the most costly admissions. Therefore, we created a single dichotomized dependent variable representing patients in the top cost decile (i.e., inpatient admission costs Ͼ $36,037) versus patients in the lower nine cost deciles. We used logistic regression with simultaneous entry of the previously defined variables to assess the odds of being among patients in the highest cost decile versus the lower nine cost deciles.
RESULTS
One third of study subjects were women, and 37% of subjects were ethnic minorities. One in four patients was admitted with an intentional injury. Eighty percent of patients received MAIS scores of 2 or greater (Table 1) . Approximately 20% of the patients were younger than 19 years of age, and 10% were older than 60 years of age. Approximately one third of subjects were covered by Medicaid, one third were covered by an HMO or private insurance, and one third were divided between Medicare, county, other, and no sponsor status. Seventy-five percent (N ϭ 7644) of patients received a blood alcohol test at admission, whereas 56% (N ϭ 5901) of patients had urine toxicology screening at admission.
The total expenditure for the 10,561 patients admitted to the UC Davis trauma surgery service between January 1993 and December 1996 was $170,786,536. The mean cost per admission was $16,174, with a standard deviation of $32,045. The median cost per admission was $6,340. The mean LOS for the sample was 5.8 days, with a standard deviation of 8.9 days, and the median LOS was 3 days. The most costly 10% of patients accounted for approximately 53% of total expen-ditures, whereas the least costly 10% of patients accounted for less than 1% of total expenditures.
One or more psychiatric disorder was recognized by surgical providers in 29% (N ϭ 3,061) of patients. Of these patients, 27% (N ϭ 2710) had a primary or dually diagnosed alcohol or drug disorder. Alcohol abuse (15% of patients) and drug abuse (14% of patients) were the most frequently recorded diagnoses (Table 2 ). A total of 1.5% of patients were diagnosed with alcohol dependence, and 1.3% of patients received a diagnosis of depression. For all other categories of psychiatric disorders, less than 1% of patients received a registry-recorded diagnosis.
Individuals with diagnoses of alcohol or drug abuse demonstrated lengths of inpatient stay and costs below the sample mean (Table 2 ). In contrast, patients with anxiety disorders, delirium, organic brain syndromes, psychoses, stress disorders, and diagnoses of alcohol and drug dependence demonstrated LOS and costs above the sample mean.
Patients who had registry-recorded diagnoses of alcohol abuse or dependence had significantly increased odds (odds ratio Patients with all other nonsubstance-related psychiatric diagnoses did not demonstrate increased odds of positive blood alcohol or urine toxicology screens (Table 3) .
Next, we constructed two separate linear regression models: one with LOS as the dependent variable and the other with inpatient costs as the dependent variable (Table 4) . Each model explained a significant proportion of the variation in the logarithmically transformed dependent variable. The adjusted R 2 was 0.28 for the LOS model and 0.32 for the cost Patients diagnosed with alcohol abuse had an approximately 10% shorter inpatient LOS and 12% lower costs compared with patients without the diagnosis (Table 4) . Patients diagnosed with delirium, psychoses, and stress-disorders demonstrated 60% to 103% longer LOS and 46% to 93% higher costs compared with patients without these diagnoses. Patients with drug dependence and organic brain syndromes demonstrated significantly longer LOS but no significant cost increases, whereas patients with anxiety disorders had significantly higher costs but no significant variation in LOS compared with patients without the diagnosis. Patients diagnosed with alcohol dependence, drug abuse, bipolar disorder, childhood disorders, dementia, depression, personality disorders, and other diagnoses demonstrated no significant variations in LOS or costs when compared with patients without these disorders.
Increasing injury severity was associated with the greatest LOS and cost variations (Table 4) . Patients with the most severe injuries (MAIS 5-6) had 371% to 378% longer LOS and 659% to 678% higher cost when compared with patients with the least severe injuries (MAIS 1). The presence of one or more medical diagnoses was associated with a 13% longer LOS and 9% higher costs. Patients with Medicaid insurance coverage had 22% longer LOS and 7% higher costs compared with patients with HMO insurance or private coverage. Patients with county insurance coverage had longer LOS but no increased costs relative to patients with HMO insurance and private-paying patients. Increasing patient age was associated with significantly longer LOS and higher costs (not shown).
We next constructed a logistic regression model to assess what predictors were associated with patients whose admissions were in the highest cost decile (Table 5 ). Patients diagnosed with alcohol abuse had approximately half the odds of being in the top cost decile when compared with patients without the diagnosis. Patients diagnosed with drug abuse also demonstrated decreased odds of being among the most costly admissions. Patients with dementia had approximately one fifth the odds of being in the top cost decile when compared with patients without a dementia diagnosis. Patients with delirium, psychoses, and stress-response syndromes had 2.2 to 3 times greater odds of incurring the highest cost admissions when compared with patients without these diagnoses.
Patients with MAIS scores of five or six had 77 to 86 times greater odds of incurring the highest cost admissions when compared with patients with MAIS scores of one. Patients with Medicaid insurance coverage had one and a half times greater odds of being in the highest cost decile when compared with patients with HMO or private insurance coverage. Patients with county or no insurance demonstrated significantly decreased odds of being among patients with the highest cost admissions. Increasing patient age was associated with increased odds of being among the highest cost admissions (not shown). Patients with alcohol dependence, drug dependence, bipolar, manic, or childhood disorders, personality disorders, organic brain syndrome, anxiety, depression, and other diagnoses had neither increased nor decreased odds of being among the costliest admissions. In addition, the presence of one or more medical diagnosis was not associated with significant variations in the odds of being among the highest versus lowest cost admissions.
DISCUSSION
This is the first investigation to use information contained within trauma registry information systems to estimate the variations in surgical inpatient cost and LOS uniquely attributable to patients with recognized psychiatric diagnoses. A total of 29% of patients received a psychiatric diagnosis; 
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Volume 49 • Number 3the majority of registry-documented psychiatric disorders were alcohol-and drug-related. Patients with recognized nonsubstance-related psychiatric diagnoses comprised less than 5% of the sample. Interestingly, less than 3% of patients were diagnosed with anxiety, depressive, or stress disorders. In multivariate models that controlled for the effects of injury and demographic characteristics, patients with diagnoses of alcohol abuse demonstrated approximately 10% reductions in LOS and cost. Patients with diagnoses of either alcohol or drug abuse demonstrated reduced risks of incurring the costliest admissions. Patients with recognized delirium, psychoses, and stress disorders had 46% to 103% LOS and cost increases and approximately a two-to three-times greater risk of incurring the costliest admissions. Not all patients with recognized psychiatric disturbances demonstrated significant LOS and cost variations; patients with alcohol dependence, drug dependence, bipolar disorder, childhood disorders, dementia, depression, personality disorders, and other diagnoses demonstrated no significant variations in LOS or costs when compared with patients without these disorders.
Factors previously associated with variations in inpatient trauma surgery LOS and cost also predicted significant variations in this investigation. The most severe injuries were associated with the greatest LOS and cost increases as well as the highest risk of incurring the costliest admissions. 8, 9, 11 The presence of one or more chronic medical conditions also predicted increasing LOS and cost. 11 Although the greatest LOS and cost variations were associated with increasing injury severity, the 48% to 103% LOS and cost increases observed in patients with recognized stress disorders, psychoses, and delirium were among the largest variations observed for any other noninjury-related patient characteristic. The 10% decrease in LOS and cost associated with diagnoses of alcohol abuse were of a similar magnitude to the variations attributable to the presence of chronic medical conditions and differences in insurance status. Other studies conducted in general medical and surgical inpatient settings have reported that patients with recognized alcohol and drug abuse disorders have a shorter inpatient LOS 25, 33, 34 and lower inpatient costs. 34 Previous investigations also suggest that surgical and medical inpatients with delirium 35, 36 and psychoses 11, 37 have increased inpatient LOS. Detailed analyses of the processes of general medical and surgical inpatient care have revealed that patient, 38 provider, 39 and system factors 40 can all contribute to how individuals with psychiatric disorders interact with the inpatient environment to determine resource allocation and discharge timing. Our literature review revealed no previous studies that focused specifically on the processes of inpatient care for physically injured trauma survivors with stress disorders.
There are several important considerations for interpreting the results of this investigation. This research relied on trauma-registry recorded psychiatric diagnoses, for which there are two major sources of uncertainty. First, diagnoses derived from hospital discharge databases in general 41 and trauma registries in particular 42 may be subject to variations in the coding and abstracting of diagnostic information. Second, psychiatric disorders as diagnosed by surgical providers may be associated with a high degree of diagnostic uncertainty. For example, the significant associations between positive toxicology screens and registry-recorded ICD-9CM diagnoses of alcohol and drug abuse and dependence suggest that, in many cases, providers may be using use these screens as diagnostic assessments rather than interview-based evaluations. 28 The reliance on admission blood alcohol and urine drug screens as diagnostic assessments may fail to identify a substantial proportion of patients with histories or biochemical evidence of chronic use but negative admission screens. 15, 16 In our investigation, the 16% of patients with registry-recorded diagnoses of alcohol abuse or dependence and the 14% of patients with registry-recorded diagnoses of drug abuse or dependence underestimate the prevalences of diagnoses of alcohol and drug abuse obtained by structured psychiatric interview in a similar patient population by approximately 5% to 10%. 16 Therefore, the frequencies of recognized diagnoses of alcohol and drug abuse we report may be estimates of usual-care diagnostic practices rather than standard structured interviews or biochemical diagnostic assessments. 43 In contrast, the processes leading to the recognition of nonsubstance-related psychiatric disorders are less well understood. We found no significant associations between positive toxicology screens and the recording of nonsubstancerelated diagnoses in the trauma registry. Previous clinical investigations suggest that up to 30% to 40% of hospitalized trauma survivors may develop high levels of stress disorder or posttraumatic depressive symptoms. 18, 20, 22, 44 For psychiatric diagnoses that require 2 to 4 weeks of symptom duration, such as PTSD and major depressive disorder, the observed low rates of disorders may be explained in part by the short LOS associated with trauma inpatient admissions. However, this would not explain the observed low frequency of acute stress and adjustment disorders that may present in the hours and days immediately after an event. Of course, caution is required when inferring rates of posttraumatic psychiatric disorders in a population in the absence of scale-documented disturbances. The only possible methodological approach to avoid the limitations imposed by using registry-derived ICD-9CM diagnoses would be the prospective administration of large numbers of diagnostic interviews or questionnaires. However, such efforts were beyond the scope of this project and actually detract from our population-based approach, which affords a large enough sample size to detect variations in costs attributable to psychiatric diagnoses above and beyond the contribution of other factors known to influence inpatient utilization.
Our findings suggest a marked underrecording in the trauma registry of patients with PTSD. Bias is introduced into the process of detection of nonsubstance-related diagnoses, as longer stays allow surgical providers more time to recognize disturbances. Thus, patients with shorter LOS may suffer from psychiatric disturbances that are systematically lessfrequently recognized by inpatient providers. Therefore, our results may overestimate the association between nonsubstance-related psychiatric diagnoses and increased LOS and costs. An additional limitation of the investigation is the nature of the cost information available for analysis. In this study, the inability to break down cost information into discrete components of resource use prevented cost estimates that allow determination of the fixed versus variable costs uniquely attributable to patients with psychiatric disturbances. 45 This investigation contributes to an evolving understanding of the evaluation, treatment, and outcomes of physically injured trauma survivors with comorbid psychiatric disturbances. There is mounting evidence that psychiatric disorders occur frequently in trauma surgery patients. This investigation found that trauma patients with registry-recorded alcohol abuse, stress disorders, psychoses, and delirium uniquely impacted inpatient surgical LOS and costs. The cost variations attributable to these disorders were equal to or greater than the variations associated with the presence of chronic medical conditions and differences in insurance status. The results of this investigation also suggest that there is marked variability in how patients with psychiatric disturbances are detected in surgical inpatient units and recorded in trauma registry databases. Patients with positive urine and blood toxicology screens frequently receive registry-recorded diagnoses of substance abuse. In contrast, patients with high levels of posttraumatic psychologic distress may go undetected during the acute hospitalization and seem to be underreported in trauma registry information systems. Previous investigations have found that after hospital discharge, psychiatric disorders may contribute to functional impairment and an increased risk of traumatic recidivism.
Considered together, these findings suggest that additional studies of the processes and outcomes of care for physically injured patients with comorbid psychiatric disorders are necessary. Initially, it would be important to determine if early detection of psychiatric disturbances impact functional recovery and traumatic recidivism. Ultimately, investigations of the processes, outcomes, and costs of care could lead to the development of cost-effective interventions that target the amelioration of psychiatric disorders among physically injured trauma survivors. 46 In turn, the testing of interventions in randomized effectiveness trials could inform the development of evidence-based treatment guidelines for the substantial number of trauma surgery inpatients with comorbid psychiatric disturbances.
